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I 

s^-tBJiiii-rsfcj&®/'«3'->&jg*ssnfc«ffi*t. 

[0 0 0 1] 

Cigl8±©5pJffliJ-iEP] *f6Mtt, Itt^S^v x-c;^^^ 
[0 002] 

(LED) tt, jS:Vii^lffc*ViT^^3flTFtUTffiffla 

-HtbTfi. ZnSe, ZnS, GaN-^S 1 C&if 

[0 0 0 31 L*»U -fiMfc^ffftAVH^-t-y:/* 
#f 5{b^1Si*««:©fPSttmK. t<\zm^mi'\z 

-fTSSitCMBEft. MOCVDffi. An-y>CVD 

7.n'yf")>ifm\zi.r)i^mnx^-^i> l-:fai/U 
'f1?'fi'3> (P r og r e 8 s of Crysta 



(2) i^l|?5-335 6 22 

2 

1 Growth and Characteriza 
t 1 on) 1 7 (1 9 8 8) 5 3-7 8]. W}cn^)*J 

Ajsi|i»<i:»Ric*viT«-ena#©*iisasffi*»fev» 

<Ttt;4e.r, f85tlS?tUTffiffi-p#-5iefitt©A«F 
&»l8*fP«-r « H 5 1 V» 5 ras/Si*** 

SIC, GaAs^GaP^*tfflV»&nTV>^.. 
U*>U J/'JaX SIC. GaAst>GaP©J;3ft 
JO »Stt©S«±-t?©ilgStt©^*fJ5:^{fc:^;'J'>AS^« 
#:»!S©jSfittffl3iT?*'). Se*HiteStt©Sfi*^it 
UTffll-i^nTVi^*. tS-i^X^. it7r-f7CSSfiS 
fflV5T-€-©±fcA 1 N©yiy7r-e*S8it-6i:tK:J: 

0 «gStt©^»;iG a NHS c: ^ t •S 
ffift***^ [B*«Sa^^^^^S 1 5 (1 9 8 8) 3 
3 4-342] . Vi)^Vii.ifi^, «i&ffi©SfiS«efflf 
;&^ie>. «S©%0tbb:»^«<B«-7»«&«>. 
fcJK4S«?£3iUTSlDfflt-fc*lcS«ki:S3t©KiK 

^ [ooo4]ufc*toT, sft^f u OA^^m»mmii^ 
si-c* 0 > t < izmiiiS3^m'fi^m<oiz^iif^mMx 

[0005] 
[0 0 06] 

^%%m\znm:'^mt^tci!b\z^mwm<j>mm. 
<Df&mznmifli»mnx\^^^^i!mstii^m&\z^ 

\z'enmt^fz^on9->^m^^t\rz.^i)\ m^m 

B, ^i:xm^^WL±,o-:)3(D^WM\z^ts.<t%-m 
.©^SSSS^U. Ao-?-©Rjfc*ffll©S«®±»cSft;;y'J 
A^'fb'&^A' 6 n J:z; p tr^B 

1 m^mv(^m^u^'^t>'^xf3.^^^mi:'>i3.< tt>- 

K«ifc/icaffiS8Jiirr«&«>»c#^®©0f 
^<Dtimzf6.mifimmnx\>>^ii^m»%^'»^mmz 

so «V)T. pSft^btrWiiS^SNt^S^^iSia^ib. A't) 
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3 

[0 0 0 7] 3|:9i^iC^V^T». WSLtVXMJSm-Ti^ 
Mfty-rtfl (SIC), i6ftTi'*5/»>A (Mg 

o) . ^yr^r (A i«03) , (s 1 o») . m. 

{tfif> (TiOl) , ^i'>ik7.hn>9"^A (S r 
rTlO.) . 9>^'>7;l'5;^-h (LaAlO.) 

T© 5 X V 2/ 5^ t <k 5 ;S*B&ia 
■r«S«S»-&;?»i:L.TB. *ieft3S«©aS^tii* 

tifi-V^^. C^nKJ:0, C;©S«±Ciieatt©A»«: 

C©ie^ir. SMS©RHE£D (Refract 
ive High Energy Electron 
Diffraction) /X^'-^CteViTX h'J-i' 

©±ic, ^fl2;y'j'>Aji^¥»ft:©»^«ft*t. e^iiea 

ttJtf U 6 G a Ni|i««:* ■& »'»tt;«f U •> A 

ti I i.K7Ci!i!i»e.;a5;9'J'>A5^igS¥3lft:©cti? 

■:tf"J>>A«S6ili3|«:i:L.THGa I nN, Ga 
AIN. Ga InAlN, G a A 1 BN^*J»-5*Jt< 

fc:cn&icia«sn«t>©-ctt*t>. sflsi?'j'>A»fl: 

>i^-rntfJ:Vi*», nSH->''<>'h©«i9tUTttS i. 
Ge. C. Sn. Se, Te«**»D» pShW^Vh 
©09^UT»Mg. Ca. Sr. Zn. Be. Cd, H 

g^L i.^At*;5. j:n&©H-/^>h©ast H-tr 

>i^SS«>l-5 ;i t CioT^-v U 7-©aS^+^ 'J 



(3) 4$BI?5-3 3S622 

4 

[0 0 0 91 *58i»©¥9W«3e§6BtUTtt, 

t f>-as© n ^sfl:^; 'J Ajsi|i««:®*j:i;ps* 

■e©3B3KJgttin60¥«#:JB&38^fcia*^t>*n« 
ii> i<, fctAtfn/l. n/p, n/l/p. n*/n 
/p. n*/n/l, n/p/p*^©«J:5;S«jgS^r 

L. s6»c-€-n-en©sttfflfi6©s;a4*iefis<b//u 

[0 0 10] ¥9(f^fS3^I^B©MjS©09a:bT». H3 

fc^f n - G a N/ p - G a N^H 4 IC^T n - G a 
1-1 I nt N/p-Gai-« I ntN©telC. n-Gai-i 
2D A l.N/p-Gai-.Al.N. n-GaN/p-Ga 
N. n-Gai-i I ntN/p-Gai-j I niN (O^x 
^1. O^y^l). *-5titt0 5 t^-rn*-GaN 
/n-GaN/p-GaN. H 6 Ca^fn -G ai-i I 
niN/1 -Gai-f I nrN/p-Gat-. I niN (x 
^y. O^x^l. O^y^l) . 07fc^Tn-Ga 
i-i I nt N/p-Gai-r I nrN/p-Gai-i I niN 

(x^y, O^x^l. O^y^l) . BlS^^fn- 
Gai-.A liN/l -Gai-rA IrN/p-Gai-tA 

l.N (x^y, O^x^l. O^y^l) . 09(r^ 
30 t* n-Gai-i-i I Hi A IrN/ 1 - Gai-.-t Ini A 
IbN/p-Gai-.-, I mA UN (x + y^a + b, 
O^x^l, O^y^l, O^a^l. O^b^l) . 
01 OtC^Tn-GaN/p-GaN/n-Gai-. I 
n.N/p-Gai-. 1 n.N (O^x^l) > HI 1 1 
^-TGa I nrntUHmmm/n-Gai-z I n.N/ 
p-Gai-. I n.N (O^x^l) . 01 2tC^-rn- 
Gai-. 1 n.N/S^-#F<8ii/p-Gai-. 1 n.N 

(O^x^l) , 01 SC^-TGaN-Ga I nNSfi 
tt?S/n-Gai-. I n.N/p-Gaj-. I n.N (0 

40 ^x^i) ^*t$5. jinr. &^mmmmt\tMmm 

$a:«il&l:^0 f»KS©4$1$ Sl^±r « il 2: « nTtS^ 

L1t'b<DX, ffia<&^etttlBfK©Si^S»H:t>i'X . 
h n-AKT©iai»K*3£aicttJi LTSStfKtJi© 
ra©S*S» UT563t»tt*[fiJ±f * r t SiiltB t Ufc 

a? «. i:©j:5a«|jt*-:3wr<&*-*p#F«jt-^, 
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5 

5. 4lwfin-Gai-i I ni N/p-G ai-t 

1 n.N/n-Gai-» I n»N/p-Gai-i I njN 
(O^x^l, O^y^l) eD±'5ift5Kie©*2eWf 

2 2A&ma2 3C!>miz«EE$92in-r<&&»fioie^ 

2 2 -f 2 3 «!>miCf|£E^^A]-r ^ 

[0 0 11] y^?tmzm^^{tiJvt;i.^^mmm 

S^tTJbS. *56?^t*V»T. DS!*^Wi 1112^91 
JBtJ&:«*», •€-©±K56M5H»C«EE«BlJlirr5fc»®« 

KJgj£-r*llffi®*J»tbTHA 1, In, Cu. A 
g, Au, Pt, I r, Pd, Rh/W, Tl, Nl^ 

©^so*{*^ab5V5tt-en&cD-e-^-^p t. mo^ 
^mi^mtmm\zmm-^mm(ai^ntiyT\t. ttmm 

l/<tt4. OeVei±T*D. J:nfcJ:0«ffit«pa! 
»5Vitt i S!#3l#SM©A'J7-*/h$< LT&ff;/i 

©«ffi«fiS-ii®*frSA\ *^V>tt«®#}jgfr 
«itt)BllE-e»5. i<lw, Ni. w. TioJ:5;a: 
ii5itji^©^S*l«e-r5«ljSfr5i:i»cJ:r). «ffi© 

WMltt, WlJ^>X^>i/tt*lflI±-&b»«©t>»*L/<ri 

fc©T*-5. S!Jie3fl^-SJ^-IC583t$-&-Sfc*fcpffl» 

psf^^i^'ii 1 m^m»M<D&m^mwm'5mmi5 

OXeiT, »SK«4 0XfitT, S6fc»Sl/<tt3 
0%aTif 2)i:<i:-C*-5. -ew&J&fc. mSttpSfc 
1 S!^ii»«:e©gffl±>c;X^'->S}gfi)c-r4Ct 

tt, HI efc^-Ti'v'tt, HI 7ic^-r57>yttfr 
s¥»«ce©«awfijK-«»aHior<&«BE©*#a d 



(4) i|$n?5-3 3 5.6 2 2 

*<-rn«. 3e©«(r)tijbj»*3j»i^i±r-5. ss©e$ 

©MIS t-r-S c t C± 0 pS»« Vitt 1 S#9«*J)io* 

ffiici%-jceE*B)int--5 1 1 1> \z^<Dm o ta t 

[0 0 12] t&, *J!Wt*V>Ttt, SMSfi±©S 
fl::*^ U ':7A«fl3'&tl*«»J«$nTVia:V^ffi±CH 1 8 

^■r * 5 ft < t t)-ji©iiSJi*att5 z t 
JO L'Vifc©tft-5. c:©^JBSBSft;»y'>A»fl:^'&© 

©rass. rncio, !«?fe*i'©3fe©«tDffiU5!i^s 

B, A 1. I n, Cm Ag, Au, P t, I r, P 
d, Rh, W. Mo. Tl. N 1 ^®^JR©*#»«1» 

tt^-tie.©^^*t»5. ^sBtt. -lett-efeivi 

KI^«##7^-AfcyVy-5r->?-r«i:S©WA> 

Ni. w. Mo^©ieifflbSi©^JR«IMIl/&«iti 

■r^&Ci:'&»SLVit>©ift5. 
[0 0 13] ^^f::*58M©5e)tsR^©iKS*)*Jcoi> 

. *»6ft«¥»^^l»«©f^$l^Fj*tUTB, CVD (Ch 
emical Vapor Deposition) 
^. MOCVD (Me t a 1 Organic Che 
mlcal Vapor Depositon)|£, 
XV— XMBE (Mo 1 e c u 1 a r Beam Ep 

JO 1 t axy) ) mmi)*$>i>, ft*»Tfe*tlMb^«lSffll'> 

T»*Lli'b©-t?*5. 
[0 0 14] KT. ^;XV-XMBEj£lC*V5T. 
*^«-r-5:»X«fll^'»03tfX V-X t G a H#:y-X 

Sfifffl-r^JitlciO. ««±lc9fS©Sfl:^f'J'>A?g 

5. CCIT?. S«*^5ff-r-53!fX«fl:^«a:UTtt. T 
40 H9i^>^«¥ffiT, ab5Vitt7>^-7^JX. =7>y 

^bsss. tH^i^x i;;*9^;i't H7';^>^&i«:^:■r 
*^g^^fxsfflv»<&^:^:3^t^?1ir«. S^^fXtbTtt. 

gtt;«?XT«fJUTffiffl-r«.c:i>biItBT2&5. SIRS 
^Wr«3!/X«fl:^fe©««&fittS1fi^HJC:fcV»TG a 

©ftii&aj:D:*:#<-r-Bi2ai*»s&o, arms^^T-s^/ 
s G a n^mmmmas^ s ©s*©fttt*t;*:$ < ft* 

SO LfcdJoT. a[3!i&^^rr-5^xttfl:-&'fto«l&iiBH 
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7 

^*:y-;^J:D 1 Of&«t±, »SK«1 0 0«K-h, S 

& L < tt 1 0 0 0 »a±K-r« j: a« 
«t«* « utt^a^fc LT^fflffl*:^^ < -r « r t *t 

afe-sjjt, 1 oo~6 0 0t:©«Hca^-rs;:t*^* 

[0 0 15] iJ7.V'-7.UBEm\Zi:0^it^^}'^J^» 
J|s3J#»R$fp«-r*5 AT, G a, I n-t»A 1 05*5 

it) t<tC. RHEED (Refractlv 
e High Energy Electron Dl 
f f r ac t i on) /ti'->*SSl^TXhU-i^*< 

[0 0 16] KT, -f!ltUT7>*-7;«fX*fflV>fc 

ft. BllK^-rJ:5ttKSSSlrtfc. 5R»ffl;i'5'3j^ 
(i'Ji-F-b^-feJW 2. 3. 44iJ:r;5, {fyy^> 

S^J-^fSSS. RHHED;«;>10, :fe4;i;RHEED;:^ 
J'U-^l lS«^Lfc3!;XV-;^MBE8fiSfflVJfc. 

[0 0 17] m%mvyt^2\z\tG a^mixn. 

ffi(C:teV»Tl 0"~1 O'Vcm" • seclC;f45S«ICllDi» 
L.;t. 7>t-7;«X-^=7yfl:S^©«AJctti?7y 
=^>i^^;;;^-lrjP6«fflVv 7>*r:7^^X^H7y<b2 

SfiSaiC^V^Tl 0'»~1 0"/ctf -seclCft-SJc^ 

ss;i%^;i'!y:j^4:&<):;[;5(:»Mg. Ca. 

Zn. Be, Cd, Sr. Hg, Li«®pSH-/^> 



(5) it$H¥5-3 3 562*2 

8 

h^Si, Ge, Sn. C, Se. Te^<DnmV-A 

[0 0 18] SS8 iLXe, ■9-7 7'1'7Rffi>!i^^-t}-7 
r1'7ci6©Rffilt:^SIieiftiL/T9. 2aisie$1i- 
feffi^ffifflL, 2 0 0~9 0 CCfcllDf^bfc. ^-f. S 

« 8 s jts§g 1 rtT 9 0 0 x:rmmvft^> m^osi. 

S(Ol^^rv9~^n^\ZWiViXW^0. 0 1~2/im© 
pl!&.&(rUii^GaN¥^^l91@<£^^-&L'«, ^ 

m^i'moiwsmm^^vit. *»Mfc*tiT. rhe 

coo 1 9] ag[^»Igfc7'D-fe-»i^SfT5 

5fc*©mffissft5. <jv^57w"-:''D-fe;^Ba« 

©7* h Ui^;^ h«1EJ*fflVi5-«M?4yD-fe;^-Cff 5 
tt. 'f:t>5U>i', ECRX-;/9^>i/. Kl*:tt'f*> 

tsf^mmti^/h-is vi&j&ic cms © h ^-r x^; 5^>4^a*^ 

$fl9tjiffl-CffS©t>!|$fi©— 3T7*-S. 
[0 0 2 0] pS»SVitt i S¥^S©*ffifcJ^-t 
«ESffDn-r5fcJe)©Sffi©*J«a:UTttA 1 , I n. 
JO Cu, Ag, Au, P t, I r. Pd. Rh, W, T 
1. N l^©^JPi©#fl:»«V»tt-€-n6©^*-t>P t. 

w, Mo^©->u-y--i' H^fflviSd 

tt, MB Eft. cvDft, M^mmm> «^br-AiE« 

3t)B*tjgji^ESnTV»Siiii:K»«!l©i8±fc»iac-r«^ 
@©tJ^ft UTttA 1 . In. Cu, Ag, Au. P 
t, I r, Pd, Rh, W, Tl, Ni^©&«®¥(t: 

*5v»tt-f-n6©-&^«ffl^»5Jit39»-cir«. -tns® 

^SlBtt, MBEft, CVDft, K^lS5«ffi, «?tr- 

40 M>mmm^7.A'yi^miziiK>^¥mT^:iti)ix^^, * 
&, .^JB©ffls«jisf^«-r««^ic»;in&®*ffis 

[0 0 2 1] j:©i5;*:tr»icJ:oT#&nfc'?XA- 

[0022] 
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(6) 

9 

[0023] 

6. SfiJnii»*;ki^-7, izgaffi«ft»«f3g9, rhe 

EDfflS^aiO, *J:i;RHEED;^i?U-->l IS 

1i^fc:tfXy-XMBE^@S:fflVifco 1(? 

[0 0 2 4] m%m)vyt^2\z\iG a^m^xni 0 2 
9 o'CfciiDS!fiu&. ^r^oilxlcttl*^a5K7;^5:^7T 

0 O-CICHOfSH/T. ^fX*a»fc««7fcli)lCfr#Jt-5± 
■5K:UT5cc/Bin©aa-t7«|&Ufc. SMStUTH 
2 Oiiiinft©:»:*S®-9-7r-f7Rffi*>S-9-7T-f7c|ft 
CDROIti^&llIlgtA^L'TQ. 2dSI§ied-&ft:ffi%ffiVi 

[0 0 2 5] M^^mpi<o&u\t. mmiz^^^xix 20 

1 Q-'TorrTabofc. *T. SS8 & 9 0 O-CTS O^J- 

*rGa©S^vyi'-l 3*PHt. 1. 0 
^^i^X hn-A/seccD^|gafi|t?K^6 0 0 O t> 

G aN¥^#:»M±t8 0 QytyifT, ha-A©Z rH£ 
H-lf>yUfcp-GaN¥JiWJcB*(SRU GaN¥ 

[0 0 2 6] "pvi-p. «iminix:/D-tx*afflr«2it 

UTtt-f :t>'3 U >i'i6ICJ: 0. *?^/';3'->©fP«* 
ffofc. OViT, n-GaN4i»ftSlrttAl«ffi§. 
p - G a N^«^Jglc6«M4i«{2 0 umTSSMISil 

[0 0 2 7] J:0:frffitcJ:D#6nit*^S^'-fv'>i' 

fc. HCai^-oaffiCl 0V©«E*^JDUT1 3inA 
©QiS SSAf •& 2:, 9 0 m c d ©firfi©$E 

[0 0 2.8] 

[||JS««I2] 7>*-7;!/xSffl^»&;tfxy-XMBE 
ftCAD. 1)-7r'f7»fi±fcGaN4|i3|{«ajB»«« 
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i^H¥5-33 5 622 

10 

SlM-rs. a 1 iZ^-ri:vts.M^^ 1 l^t. 

y#2. 3. 4*J:i;5. i'^y^^^i^^fX-feJl.e. % 

fiinjtt*ji'^'-7. mmmnm»«iS9. RHEEoffl 

«^«10. ;feJ:t;RHEEDXi"J->'l ISfflAfc 
iJX V-XMB ESSSfflV^ifc. 

[0 0 2 9] mmmi'y^2v:\iG&^mi:xni o 2 
o-CKinf^u m^m)vy^5mz\izn^mixni 

9 0'C»cftlS^U&. ;yx©«AfcttrtaStC7;i'5:?-7y 

0 oricMLT, :ffxSitSfcS«7Jc^€rmtsJ: 
■5 IC UT 5 cc/mln©jiftTftJ&Ufc. »« 8 t OTfi 
2 OiDm^|©:*:^S©:t7ft*iO. 3S®1}-7r'f 7Rffi 

[0 0 3 0] *{$$8grt®ffi:^tt. ^ISi^lc^VJT 1 X 

1 0-«Torn?*ofc. *-f. SK8S9 0 0t-C3 0i^ 

MtpjSftu -^vj-cT 0 o-cosst^jtuiiassffs. 

^Mtt7 >*:::7^fX*i^ V y ^^>y)tf X-t;V 6 * 6ft 
il&Uft*i6*r->-Vy^-l 3*iitt, 1. 0:ty^7. 
hn-A/s e c©^fi3iSTl 5 0 0:t>ii'XhD- 
A©»*©n*-GaNi|iWflcJB*. «»tT4 5 0 0:t 
>i^Xhn-A®n-GaN#3f*^l?£}^)$U -^V^T 

i'v-y^'-i 3ttt>\z-y^'y^—i ea^mnxzn 

^]f-\l>ifVrc5 0 0:t>^'X^^-A®;P*®p- 
G a N^^f(:Ji«^j£bG a N¥9(^i»SI9IIS%fraL 

[0 0 3 1] «iliWX7'D-feX*2lfllf-5;:t 
KJ:0> *^/^i'->®f^S**t/Sffi®}g«*ff5. 

U vy57-<-7'n-bXttii«®7* h«3|BJ;£ 

ff ofc. :3t^T, n - G al1^m»lBiZ\tA 1 

p - G aNH*3l^®lCtt«|ffiitS*t2 0 wmT€ffiffllSai 

;)1(5 0 Mm®^y h4i(®AuSS (%M©2 5%&S 

©KMMjiSHsic^r. 

[0 0 3 2] C:®*»ICj;D»6n&ill^S^''f-»i' 

SUSfT^m X#*S/«JgfcJ:D/Xyr-5?>i'U 

fc. J:®^?®®glC 1 0 V®S£ES:BIiraLT 1 0mA 
®««KS:ftA-r*i:. «Jfe!S«*«7 Omc d®#e®» 

[0033] 

CIIISW 3] GaN¥3l(*:«SS«l8*<J^«SnTt»fe 

0 G a fii^mmnmim'&fmiy^ ±mm\t 

5 000:t>i'XhD-A©AlStL. S^lR^jSir 

iOf^KLfc. ;i®5R^®»r®«!ii*ai 8ic^-r. ;i 

®sS'f®mffi»Cl 0V®^S^JPUT1 0mA®«JB- 
S^A-r^^. 9S3l£!iUtdt8 0incd©1»fi©ie3lE«<fi 
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12 

It, il®lil^©mffiK:l 0Vfi!)«£ES8lJDLTl 5mA 



U 



[0034] 



6. SfillD^*;!'^^-?, ia»ffiHS»«TS9, RHE fPSL/&. «p-Ga I nN¥«#«SliS±IC. mS 

EDffl«^fi61 0. *J:t;RHEED;^i?U->l 1& ili*«5 0 mT«aMffi»)&t5 0 m©i^^'tt©Au« 
«A&:!!fXV-XMBE&igHtbTfflVi&. 10 ffi {^ffi©2 3 SS^IISi^fciOfPSl/ 

[0 0 3 5] ^^ffiJP'yjJ? 2 \Z\tG a^m^Xtl 102 fc. C®3(l^©¥ffi«jgS0 1 6 \zmt. 

o'GKiins^u ji56ffi;i/!yjj^3fctti n^asAtiss [0040] z.(o:^m\zi^^%^tv!tm=i-^^-<'y>if 
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* NOTICES * 

Japan Patent 0££ice is not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has at least one limiinous layer which comes to combine the n-type-semiconductor layer and 
p type, or the i-type-semiconductor layer which consists of a gallium-nitride system compound on a 
transparent substrate. In the semiconductor light-emitting-device structure where the electrode is formed 
in the part of a request of a semiconductor layer in order to impress voltage to this luminous layer The 
electrode which had the pattern for impressing voltage to the surface layer which uses p type or a i-type- 
semiconductor layer as a surface layer, and consists of this p type or a i-type-semiconductor layer 
uniformly formed Semiconductor luminescence equipment characterized by wearing the front face of 
this semiiconductor surface layer in the range which does not exceed 50%, and taking out light from the 
electrode side. 

[Claim 2] It has at least one luminous layer which comes to combine the n-type-semiconductor layer and 
p type, or the i-type-semiconductor layer which has much more metal layer at least in one substrate side 
on a transparent substrate, and consists of a gallium-nitride system compound on the substrate side of 
the opposite side. In the semiconductor light-emitting-device structure where the electrode is formed in 
the part of a request of a semiconductor layer in order to impress voltage to this luminous layer The 
electrode which had the pattern for impressing voltage to the surface layer which uses p type or a i-type- 
semiconductor layer as a surface layer, and consists of this p type or a i-type-semiconductor layer 
uniformly formed Semiconductor luminescence eqmpment characterized by wearing the front face of 
this semiconductor surface layer in the range which does not exceed 50%, and taking out light from the 
electrode side. 

[Claim 3] The claim 1 characterized by the pattern of the electrode formed in the surface layer which 
consists of p type or the i-type-semiconductor layer of a gallium-nitride system compound having the 
shape of the letter of a network, the shape of Cush, and MIANDA, or semiconductor luminescence 
equipment given in two. 



[Translation done,] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial AppUcation] this invention relates to the optimal ultraviolet region especially for a display, a 

display, and optical commxmication - orange semiconductor limiinescence equipment. 

[0002] 

[Description of the Prior Art] Although a semiconductor device, especially visible region light emitting 
diode (Light Emitting Diode) are used as a display device in the latus field, conventionally, ultraviolet 
region - blue light emitting diode and laser diode are not put in practical use, but development is hurried 
as an object for a display which needs especially the three primary colors. The thing using ZnSe, ZnS 
and GaN, SiC, etc. as ultraviolet region - blue light emitting diode and laser diode is reported. 
[0003] However, it cannot be said that production of the compoimd semiconductor which generally has 
a big band gap is difficult, and the manufacture method of an usable thin film is still estabhshed by 
especially the light emitting device. The gallium-nitride system semiconductor thin fibn by which 
promising ** is carried out as a short wavelength light emitting device in it is produced by the MBE 
method, the MOCVD method, halogen CVD, and the sputtering method on silicon on sapphire imtil 
now [pro grace OBU crystal growth and character rye ZEISHON (Progress of Crystal Growth and 
Characterization) 17 (1988) 53-78]. Since there is no single crystal substrate of itself in a gallium-nitride 
system semiconductor thin fihn, thin film growth by the hetero-epitaxy method must be performed, and 
there is a trouble that it is difficult to produce the crystalline good thin film which can be used as a Hght 
emitting device. As a substrate, sapphire, a zinc oxide, silicon, a quartz, SiC, GaAs, GaP, etc. are used. 
However, growth of the crystalline good galliimi-nitride system semiconductor thin film on a conductive 
substrate like silicon, SiC, GaAs, or GaP is difficult, and the insulating substrate is mainly used 
conventionally, [with report that a crystalline good GaN thin film can be obtained by preparing the 
buffer layer of AIN on it especially using the Cth page substrate of sapphire - Japanese crystal-growth 
society magazme 15 (1988) 334-342] However, since there is the absorption of Hght by the substrate in 
order that how to take out an electrode in order to use an insulating substrate may take out the Ught 
which is difficult or emitted light through a substrate, there is a trouble which luminous efficiency 
becomes low or is said. 

[0004] Therefore, it was difficult to obtain luminescence equipment with the sufficient ejection 
efficiency of light which consists of a gallium-nitride system semiconductor thin fihn, and was the big 
trouble of especially short wavelength light-emitting-device production. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention is excellent in the ejection efficiency of the 
hght which emitted light as a short wavelength light emitting device, and tends to offer gallium-nitride 
system semiconductor luminescence equipment with easy formation and ejection of an electrode. 
[0006] 

[Means for Solving the Problem] This invention persons made it possible to obtain the semiconductor 
liuninescence equipment which has the outstanding performance by considering as the structure which 
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can take out the light which emitted light, without letting a substrate pass, as a result of repeating 
research wholeheartedly, in order to solve the aforementioned trouble. Namely, this invention has at 
least one luminous layer which comes to combine the n-type-semiconductor layer and p type, or the i- 
type-semiconductor layer which consists of a gallium-nitride system compound on a transparent 
substrate. In the semiconductor hght-emitting-device structure where the electrode is formed in the part 
of a request of a senwconductor layer in order to impress voltage to this luminous layer The electrode 
which had the pattern for impressing voltage to the surface layer which uses p type or a i-type- 
semiconductor layer as a surface layer, and consists of this p type or a i-type-semiconductor layer 
uniformly formed The semiconductor Ixmiinescence equipment characterized by wearing the front face 
of this semiconductor surface layer in the range which does not exceed 50%, and taking out light from 
the electrode side. And it has much more metal layer at least in one substrate side on a transparent 
substrate. And it has at least one luminous layer which comes to combine the n-type-semiconductor 
layer and p type, or the i-type-semiconductor layer which consists of a gallium-nitride system compoimd 
on the substrate side of the opposite side. Li the semiconductor light-emitting-device structure where the 
electrode is formed in the part of a request of a semiconductor layer in order to impress voltage to this 
limiinous layer The electrode which had the pattern for impressing voltage to the surface layer which 
uses p type or a i-type-semiconductor layer as a surface layer, and consists of this p type or a i-type- 
semiconductor layer uniformly formed It is semiconductor luminescence equipment characterized by 
wearing the front face of this semiconductor surface layer in the range which does not exceed 50%, and 
taking out light from the electrode side. 

[0007] In this invention, as a substrate, it is transparent, if the front face is flat, it is good, and the glass 
generally used, a polycrystal substrate, or a single crystal substrate can be used. As the example, there 
are single crystal substrates, such as glass, such as quartz glass and high silicic-acid glass, and siUcon 
carbide (SiC), a magnesium oxide (MgO), sapphire (aluminum 203), a quartz (Si02), titanium oxide 
(Ti02), a strontium titanate (SrTi03), lanthanum aluminum NETO (LaA103). the integral multiple of at 
least one lattice constant of the gallium-nitride system semiconductor directly formed on this substrate 
in the above single crystal substrates especially - the integral multiple of the lattice constant of this 
single crystal substrate - ** - it will become desirable to use the single crystal substrate which took out 
a front face which serves as 2% or less of mismatch preferably 5% or less After growing up the crystal 
which has the field which a crystal is grown up or serves as criteria so that the field to which only the 
desired angle inclined after this on the basis of the field where a single crystal substrate is suitable as a 
method of obtaining the substrate which has such a front face may come out, it can carry out by cutting 
and grinding. This becomes possible to form a crystalline good gallium-nitride system semiconductor 
thin film on this substrate. In this case, if it is the substrate which can observe a streak pattem in the 
RHEED (Refractive High Energy Electron Diffraction) pattem of a substrate side, a still better gaUium- 
nitride system semiconductor thin film can be obtained. Furthermore, the thin film of a single crystal 
with which the lattice constant of a gaUium-nitride system semiconductor serves as an integral multiple 
of the lattice constant of this single crystal substrate and 5% or less of mismatch, or the tropism of your 
kind consideration is made to be able to form on the glass generally used, a polycrystal substrate, or a 
single crystal substrate, and the gallium-nitride system semiconductor thin film made into the purpose 
on it can also be grown up. 

[0008] In this invention, a gallium-nitride system compound is a gallium system mixed-crystal 
semiconductor which consists of the GaN semiconductor or gallium which consists of a gallium 
independent, and an III group element. Especially although there are GaInN, GaAIN, GalnAlN, 
GaAlBN, etc. as a galHum system mixed-crystal semiconductor, it is not limited to these. Although what 
is necessary is just to dope a suitable impurity in order to control the conductivity type of a galliimi- 
nitride system compound, as an example of n type dopant, there are Si, germanium, C, Sn, Se, Te, etc., 
and there are Mg, calcium, Sr, Zn, Be, Cd, Hg, Li, etc. as an example of p type dopant. The kind and 
carrier density of a carrier are changeable by changing the kind and the amount of doping of these 
dopants. Moreover, it can consider as the structure which changed the concentration doped by the 
direction of thickness at this time, or can also consider as the structure which prepared delta doping layer 
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doped only in a specific layer. As the method of doping, it can carry out by the ion implantation, the 
diffusion method, etc. after thin fihn production, forming a gallium-nitride system semiconductor thin 
fihn. 

[0009] As semiconductor luminescence equipment of this invention, it has the luminous layer which 
comes to combine at least one kind of n type gallium-nitride system semiconductor layer and p type, or a 
i-type-semiconductor layer. That the luminous layer should just combine these semiconductor layers 
suitably, it has structures, such as n/i, n/p, n/i/p, n+/n/p, n+Zn/i, and n/p/p+, and each layer can still also 
use the single crystal gaUixmi-nitride system semiconductor layer from which composition differs. 
Moreover, the quantum well structure which consists of a single crystal gaUium-nitride system 
semiconductor is made to form, limiinous efficiency can be raised or luminescence wavelength can also 
be controlled. 

[0010] Besides n-Gal-xInxN/p-Gal-xInxN shown in n-GaN/p-GaN shovra in drawing 3 , or drawing 4 
as an example of the structure of semiconductor luminescence equipment n-Gal-xAlxN/p-Gal-xAlxN, 
n-GaN/p-GaN, n-Gal-xInxN/p-Gal-ylnyN (0<=x<=l, 0<=y<=l), Or n+-GaN/n-GaN/p-GaN shown in 
drawing 5 , n-Gal-xInxN/i-Gal-ylnyN/p-Gal-xInxN shown in drawing 6 (x<=y) 0<=x<=l, 0<=y<=l, 
n-Gal-xInxN/p-Gal-ylnyN/p-Gal-xInxN shown in drawing 7 (x<=y) 0<=x<=l, 0<=y<=l, n-Gal- 
xAlxN/i-Gal-yAlyN/p-Gal-xAlxN shown in drawing 8 (x<=y) 0<=x<=l, 0<=y<=l, n-Gal-x- 
yLixAlyN/i-Gal-a-blnaAlbN/p-Gal-x-ylnxAlyN shown m drawing 9 (xH-y<=a+b) 0<=x<=l, 0<=y<=l, 
0<=a<=l, 0<=b<=l, n-GaN/p-GaN/n-Gal-xInxN/p-Gal-xInxN (0<=x<=l) shown in drawing 10 , The 
GaInN system composition inclination structure / n-Gal-xInxN/p-Gal-xInxN shown in drawing 1 1 
(0<=x<=l), There are n-Gal-xInxN / quantum well structure / p-Gal-xIiixN (0<=x<=l) shovm m 
drawing 12 , a GaN-GaInN distorted superlattice layer / n-Gal-xInxN/p-Gal-xInxN (0<=x<=l) shown 
in drawing 13 . Composition inclination structure is that which made it possible to improve the property 
of a luminous layer by making composition of mixed crystal change from a substrate side to a luminous 
layer side one by one, and taking grid adjustment here, and the laminating of the super-thin film 
himdreds of A or less in which composition differs firom a distorted superlattice layer is carried out by 
tums, and it makes it possible to ease distortion between a substrate and a luminous layer and to improve 
a luminescence property, quantum well structxire is a style in the clad layer of gallium-nitride system 
semiconductor mixed crystal with a bigger band gap than it about the barrier layer of gaUium-nitride 
system semiconductor mixed crystal with a thickness of hundreds of A or less which the quantum effect 
discovers - it is structure It is also possible to raise limiinous efficiency or to make the threshold current 
of luminescence low by considering as the single quantum well structure of having such one structure, 
and the multiplex quantum well structure which separated this quantum well structure in the thin barrier 
layer, and carried out the laminating to the multilayer, moreover, a Ixmiinous layer like [ drawing 14 ] n- 
Gal-xInxN/p-Gal-xInxN/n-Gal-ylnyN/p-Gal-ylnyN (0<=x<=l, 0<=y<=l) - two-layer - ****** - as 
— structure is shown If voltage is impressed between electrode 22 1 and electrode 22 RO in this case, 
voltage will be impressed for blue Ixmiinescence between electrode 22 HA and an electrode 23 and 
voltage will be impressed for green luminescence between electrode 22 I and an electrode 23, the yellow 
luminescent color can be obtained. Thus, it becomes possible to obtain the element which can emit light 
in the two different liuninescent color or neutral colors by choosing the electrode which impresses 
voltage. 

[001 1] As whole gallium-nitride system semiconductor thin film thickness in this invention, although 
especially limitation is not carried out, in order to make processes, such as etching, easy, it is that 
making it 5 micrometers or less makes it 3 micrometers or less desirable still more preferably, p type or 
a i-type-semiconductor layer is prepared in the most distant position from a substrate side, namely, 
although it becomes a surface layer, the electrode for impressing voltage to a luminous layer is made to 
form on it in this invention. The luminescence brightness of luminescence equipment is raised, or I hear 
that impressing voltage to the fi-ont face of p type or a i-type-semiconductor layer uniformly emits light 
uniformly on the fi*ont face of a semiconductor layer, and it will become desirable. As a material of the 
electrode formed in the fi"ont face of p type or a i-type-semiconductor layer, silicide, such as metaled 
simple substances or those alloys, such as aluminum. In, Cu, Ag, Au, Pt, Ir, Pd, Rh, W, Ti, and nickel, 
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and Pt, W, Mo, can be used. As a material of the electrode which contacts p type or a i-type- 
semiconductor layer, and directly, it is 4.0eV or more that a work function is 3.5eV or more desirable 
still more preferably, the barrier between an electrode, this p type, or a i-type-semiconductor layer can 
be made small by this, and a good ohmic property can be acquired. In this case, it is also possible to use 
those electrode materials as a chisel further, or to consider as a laminated structure. It is desirable to also 
make the thermal resistance of an electrode and bonding-proof nature improve by considering as the 
structure which carries out the laminating of the metal of a high-melting point like nickel, W, and Ti 
especially. It is desirable to impress voltage to p type or a i-type-semiconductor layer uniformly, in order 
to make a Ught emitting device emit light imiformly, and in order to take out the Ught which emitted 
light further from an electrode side, wrap area is that an electrode makes preferably the front face of this 
p type or a i-type-semiconductor layer 30% or less still more preferably 40% or less 50% or less. 
Therefore, alttiough an electrode needs to form a pattern on the front face of p type or a i-type- 
semiconductor layer, and it can consider as the letter of a network shown in drawing 15 as an example of 
a pattern, the shape of Cush which are shown in drawing 16 , and the shape of MIANDA which are 
shown in drawing 17 , and there are combination of these patterns, the shape of a whirl and an island, 
etc. further, it is not limited to especially these. If the widtti of face of an electrode and an inter-electrode 
distance narrow width of face of an electrode and inter-electrode distance is made small that what is 
necessary is just to change with electric resistance of p type or a i-type-semiconductor layer, or the size 
of voltage to impress, its ejection efficiency of light will improve. While impressing voltage to the front 
face of p type or a i-type-semiconductor layer uniformly by making width of face of an electrode into a 
submicron grade, and making inter-electrode into the interval about submicron one, ejection efficiency 
of light can also be enlarged. 

[0012] Moreover, in this invention, it will also become desirable to prepare metal layer much more at 
least as shown at drawing 18 on the field in which the gallium-nitride system compound on a transparent 
substrate is not formed. It is enabled for this metal layer to reflect the light which emits light in the 
luminous layer which comes to combine the n-type-semiconductor layer and p type, or the i-type- 
semiconductor layer of a gallium-nitride system compound, and comes out through a substrate, and to 
take it out from an electrode side. Thereby, the ejection efficiency of the light of a light emitting device 
can be raised. As a material used as a metal layer, there are metaled simple substances or those alloys, 
such as aluminum, In, Cu, Ag, Au, Pt, Ir, Pd, Rh, W, Mo, Ti, and nickel. A metal layer becomes what 
has at least a monostromatic desirable [ also considering as the structure which carried out the 
laminating of the metal of high-melting points, such as nickel, W, and Mo, in order to make the pewter- 
proof nature when packing on a frame with a reflecting mirror, thermal resistance, bonding-proof nature, 
etc. improve, although it is good ]. 

[0013] The manufacture method of the light emitting device of this invention is explained below. In this 
invention, there are the CVD (Chemical Vapor Deposition) method, a MOCVD (Metal Organic 
Chemical Vapor Depositon) method, the gas source MBE (Molecular Beam Epitaxy) method, etc. as the 
production method of a semiconductor thin film which consists of a gallium-nitride system compound. It 
is desirable at the point that the gas source MBE method in which thin film growth is possible can 
produce a good gallium-nitride system semiconductor thin fihn in a high vacuiun not using an organic 
compound especially. 

[0014] By using together the gas source and Ga solid-state source containing nitrogen of a gaseous 
compound in the gas source MBE method hereafter explains how to produce the laminated structure 
which consists of a desired gaUium-nitride system semiconductor on a substrate. Here, the mixed gas 
which is independent about 3 anunonia gas and nitrogen fluoride, a hydrazine, dime thy Ihydrazine, etc., 
or makes a subject 3 ammonia gas and nitrogen fluoride, a hydrazine, dimethylhydrazine, etc. as a 
gaseous compound containing nitrogen can be used. It is also possible to use the above compounds as 
mixed gas, diluting them with inert gas, such as nitrogen, an argon, and helium. It is necessary to make 
the amount of supply of the gaseous compound containing nitrogen larger than the amoimt of supply of 
Ga in a substrate front face, and since the omission of the nitrogen from the GaN semiconductor thin 
film which will be generated if the amount of supply of the gaseous compound containing nitrogen 
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becomes smaller than the amount of supply of Ga becomes large, it becomes difficult to obtain a good 
GaN semiconductor thin fibn. Therefore, the amount of supply of the gaseous compound containing 
nitrogen is taking still more preferably for 1000 or more times 100 or more times preferably 10 or more 
times from the solid-state source. That what is necessary is just to use a gas cell as the supply method of 
the gaseous compound containing nitrogen, this turns opening to a substrate side, and installs pipes, such 
as a boron nitride, an alumina, a quartz, and stainless steel, in thin film growth equipment, and it can be 
made to perform performing a start and halt of control of the amount of supply, or supply by connecting 
a bulb, control-of-flow equipment, and a pressure controller. Moreover, I also hear that using a cracking 
gas cell supplies a substrate front face efficiently where 3 ammonia gas and nitrogen fluoride, a 
hydrazine, dimethylhydrazine, etc. are activated, and it will become desirable. A cracking gas cell heats . 
3 anunonia gas and nitrogen fluoride, a hydrazine, dimethylhydrazine, etc. under existence of a catalyst, 
and makes it activated efficiently, and it becomes what has desirable fibrous making it the shape of 
porosity and enlarging a surface area about ceramics like an alumina, a siUca, boron nitride, and siHcon 
carbide as a catalyst: Although the temperature of cracking needs to change with the amount of supply, 
such as 3 kind [ of catalyst ], ammonia gas, and nitrogen fluoride, a hydrazine, and dimethylhydrazine, 
etc., it will become desirable to set it as the range of 100-600 degrees C. 

[0015] The gaseous compound which supplies simultaneously the gaseous compound containing the HI 
group metallic element and nitrogen like Ga, In, or aluminum to a substrate side, or contains Ga and 
nitrogen can be supplied to a substrate side by turns, or the method which carries out growth 
discontinuation at the time of thin film growth, has promoted crystallization enough and carries out it 
when producing a galliimi-nitride system semiconductor thin film by the gas source MBE method can 
also be performed. Especially the thing for which film growth is performed, checking that a RHEED 
(Refi:active High Energy Electron Diffraction) pattem is observed and a streak can be seen is desirable. 
[0016] Although the manufacture method of a light emitting device which consists of a gallium-nitride 
system semiconductor thin film produced by the gas source MBE method using ammonia gas as an 
example hereafter is explained, it is not limited to especially this. The gas source MBE equipment 
equipped with the crucibles 2, 3, 4, and 5 for evaporation (Knudsen Cell), the cracking gas cell 6, the 
substrate heating electrode holder 7 and the quadrupole child mass spectrograph 9, the RHHED gun 10, 
and the RHEED screen 1 1 in the vacuum housing 1 as shown in drawing 1 as equipment was used. 
[0017] Ga metal was put into the crucible 2 for evaporation, and it heated to the temperature set to 1013- 
1019-/cm2 and sec in a substrate side. Using the cracking gas cell 6, it installed in introduction of 3 
ammonia gas and nitrogen fluoride so that 3 ammonia gas and nitrogen fluoride might be directly 
sprayed on a substrate 8. The amount of introduction was suppHed so that it might be set to 1016-1020- 
/cm2 and sec in a substrate front face, n type dopants, such as p type dopants, such as Mg, calcium, Zn, 
Be, Cd, Sr, Hg, and Li, and Si, germanium, Sn, C, Se, Te, are put into the crucibles 4 and 5 for 
evaporation, and it dopes by controlling temperature and supply time to become the predetermined 
amount of supply. 

[0018] The field which the axis of rotation was set [ field ] as the Rth page projection of sapphire c axis, 
and rotated it 9.2 degrees from the Rth page of sapphire as a substrate 8 was used, and it heated at 200- 
900 degrees C. First, after heating a substrate 8 at 900 degrees C within a vacuum housing 1, it was set 
as predetermined growth temperature, and by the growth rate of 0.1-30A / sec, subsequently opened 
simultaneously the shutter of Mg of the crucible 2 for evaporation, and the crucible 4 for evaporation for 
the n type GaN semiconductor thin film of 0.1-3 micrometers of thickness, p type of 0.01-2 micrometers 
of thickness or the i type GaN semiconductor thin fihn was made to form, and Ac laminating thin fibn 
for light emitting devices was produced. In this invention, it is desirable to perform film growth, looking 
at the streak pattem of RHEED. 

[0019] Subsequently, by performing processing to this laminating thin film, while deciding the 
configuration of an element, the electrode for carrying out the seal of approval of the voltage is 
prepared. As for a lithography process, it is desirable to be able to carry out in the general process using 
the usual photoresist material, and to use the dry etching method as an etching method. As a dry etching 
method, ion milling, efficient consumer response etching, reactive ion etching, ion beam assistant 
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etching, and convergence ion beam etching can be used. Especially in this invention, since the whole 
laminating thin film thickness of a galliimi-nitride system semiconductor is small, it is also one of the 
features that these dry etching methods can apply efficiently. 

[0020] As a material of the electrode for impressing voltage to the firont face of p type or a i-type- 
semiconductor layer uniformly, silicide, such as metaled simple substances or those alloys, such as 
aluminum, In, Cu, Ag, Au, Pt, Ir, Pd, Rh, W, Ti, and nickel, and Pt, W, Mo, can be used. An electrode is 
producible with the MBE method, CVD, a vacuum deposition method, an electron-beam-evaporation 
method, and a spatter. Moreover, as a material of the metal layer formed on the field in which the 
luminous layer is formed, and the field of an opposite side, metaled simple substances or those alloys, 
such as aluminum, In, Cu, Ag, Au, Pt, Ir, Pd, Rh, W, Ti, and nickel, can be used. Those metal layers are 
producible with the MBE method, CVD, a vacuum deposition method, an electron-beam-evaporation 
method, and a spatter. Moreover, when producing a metaled laminated structure, it can carry out by 
combining these methods. 

[0021] The dicing saw etc. cut the wafer obtained by such method, it wired using the gold streak by the 
wire bonder, the package by the epoxy system resin, the methacrylic system resin, the carbonate system 
resin, etc. was perforaied, and the light emitting device was produced. 
[0022] 

[Example] Hereafter, an example explains to a detail fiirther. Luminescence intensity was measured in 

20cm distance on the normal axis fi*om the luminescence firont face. 

[0023] 

[Example 1] By the gas source MBE method using ammonia gas, a GaN semiconductor laminating thin 
film is grown up on silicon on sapphire, and the example which produced the blue light emitting device 
which used it is explained. The gas source MBE equipment equipped with the crucibles 2, 3, 4, and 5 for 
evaporation, the cracking gas cell 6, the substrate heating electrode holder 7, the quadrupole mass 
spectrograph 9, the electron gun 10 for RHEED,.and the RHEED screen 1 1 in the vacuimi housing 1 as 
shown in drawing 1 was used. 

[0024] Ga metal was put into the crucible 2 for evaporation, it heated at 1020 degrees C, Zn metal was 
put into crucible 5 RO for evaporation, and it heated at 190 degrees C. The cracking gas cell 6 which 
filled up the interior with the alumina fiber was used for introduction of gas, and it heated at 400 degrees 
C, and as gas was directly sprayed on the substrate 7, it was supphed at the rate of 5 cc/min. The field 
which the axis of rotation was set [ field ] as the Rth page projection of sapphire c axis, and rotated it 9.2 
degrees fi"om the Rth page of the sapphire of the size of 20mm angle as a substrate 8 was used. 
[0025] The pressure in a vacuimi housing was lxlO-6Torr at the time of membrane formation. First, it 
J heats for 30 minutes at 900 degrees C, and membranes are formed by subsequently to the temperature of 
700 degrees C holding a substrate 8. Supplying ammonia gas fi-om the cracking gas cell 6, membrane 
formation opens the shutter 13 of Ga first, and produces the n-GaN semiconductor layer of 6000A of . 
thickness at l.OA / membrane formation speed of sec. The p-GaN semiconductor layer which opened 
shutter 16 RO and next doped 800A Zn on this GaN semiconductor thin fihn with the shutter 13 was 
grown up, and the GaN semiconductor laminating thin film was produced. 

[0026] Subsequently, production of an element pattern and formation of an electrode are performed by 
applying a micro-processing process. The process using the usual photoresist material could perform the 
lithography process, and it produced the element pattern by the ion milling method as an etching 
method. Subsequently, inter-electrode distance formed in the n-GaN semiconductor layer Au electrode 
(it is a wrap in 25% of a front face) of the letter of a network whose electrode width of face is 50 
micrometers in 20 micrometers about aluminum electrode at a p-GaN semiconductor layer by the 
vacuum deposition method, respectively. The cross-section structure of this element is shown in drawing 
3 , and diode characteristics are shown in drawing 2 . 

[0027] The dicing saw cut the element obtained by this method, and after resembling the wire bonder 
and wiring using a gold streak more, packaging was carried out by the epoxy resin. When the voltage of 
lOV was impressed to the electrode of this element and 13mA current was poured in, luminescence of 
90mcd(s) with blue luminescence intensity was observed. 
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[0028] 

[Example 2] By the gas source MBE method using ammonia gas, a GaN semiconductor laminating thin 
film is grown up on silicon on sapphire, and the example which produced the light emitting device 
which used it is explained. The gas source MBE equipment equipped with the crucibles 2, 3, 4, and 5 for 
evaporation, the cracking gas cell 6, the substrate heating electrode holder 7, the quadrupole mass 
spectrograph 9, the electron gun 10 for RHEED, and the RHEED screen 1 1 in the vacuum housing 1 as 
shown in drawing 1 was used. 

[0029] Ga metal was put into the crucible 2 for evaporation, it heated at 1020 degrees C, Zn metal was 
put mto crucible 5 RO for evaporation, and it heated at 190 degrees C. The cracking gas cell 6 which 
filled up the interior with the alumina fiber was used for introduction of gas, and it heated at 400 degrees 
C, and as gas was directly sprayed on the substrate 7, it was supplied at the rate of 5 cc/min. The Rth 
page of the sapphire whose OFF angle of the size of 20mm angle is 0.3 degrees as a substrate 8 was 
used. 

[0030] The pressure in a vacuum housing was lxlO-6Torr at the time of membrane formation. First, it 
heats for 30 minutes at 900 degrees C, and membranes are formed by subsequently to the temperature of 
700 degrees C holding a substrate 8. By the growth rate of l.OA / sec, the shutter 13 was opened first, 
supplying ammonia gas from the cracking gas cell 6, and membrane formation continued tiie n+-GaN 
semiconductor layer with a thickness of 1500 A, formed the 4500A n-GaN semiconductor layer, 
subsequently, with the shutter 13, it formed the p-GaN semiconductor layer of the thickness of the 500 
on-GUSUCHI loam which opened shutter 16 RO and doped Zn, and produced the GaN semiconductor 
laminating thin film. 

[0031] Subsequently, production of an element pattern and formation of an electrode are performed by 
applying a micro-processing process. The process using the usual photoresist material could perform the 
lithography process, and it produced the element pattern by the ion milling method as an etching 
method. Subsequently, inter-electrode distance formed in the n-GaN semiconductor layer Au electrode 
(it is a wrap in 25% of a firont face) of the letter of a network whose electrode width of face is 50 
micrometers in 20 micrometers about aluminum electrode at a p-GaN semiconductor layer by the 
vacuum deposition method, respectively. The cross-section structure of this element is shown in drawing 
5 . 

[0032] The dicing saw cut the element obtained by this method, and after resembling the wire bonder 
and wiring using a gold streak more, packaging was carried out by the epoxy resin. When the voltage of 
lOy was impressed to the electrode of this element and 10mA current was poured in, Ixuninescence of 
70mcd(s) with blue luminescence intensity was observed. 
[0033] 

[Example 3] The GaN semiconductor laminated structure was produced by the same method as an 
example 2 except forming a metal layer in the substrate side in which the GaN semiconductor 
laminating thin film is not formed. TTie metal layer was used as 5000A aluminum layer, and was 
produced by the vacuum deposition method. The cross-section structure of this element is shown in 
drawing 18 . When the voltage of lOV was impressed to the electrode of this element and 10mA current 
was poured in, luminescence of 80mcd(s) with blue luminescence intensity was observed. 
[0034] ^ 

[Example 4] By the gas source MBE method using ammonia gas, GaInN composition inclination 
structure is grown up on siHcon on sapphire, the luminous layer which consists of GaInN mixed crystal 
is formed on it, and the example which produced the blue li^t emitting device which used it is 
explained. The gas source MBE equipped with the crucibles 2, 3, 4, and 5 for evaporation, the cracking 
gas cell 6, the substrate heating electrode holder 7, the quadrupole mass spectrograph 9, the electron gun 
10 for RH£ED, and the RHEED screen 1 1 in the vacuum housing 1 as shown in drawing 1 was used as 
equipment. 

[0035] It heated at 1020 degrees C and In metal was put into the crucible 3 for evaporation, it heated at 
880 degrees C, Mg metal was put [ Ga metal was put into the crucible 2 for evaporation, ] into the 
crucible 5 for evaporation, and it heated at 290 degrees C. The cracking gas cell 6 which filled up the 
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interior with the alumina fiber was used for introduction of gas, and it heated at 400 degrees C, and as 
gas was directly sprayed on the substrate 7, it was suppUed at the rate of 5 cc/min. 
[0036] The field which the axis of rotation was set [ field ] as the Rth page projection of sapphire c axis, 
and rotated it 9.2 degrees firom the Rth page of the sapphire of the size of 20mm angle as a substrate 8 
was used. The pressure in a vacuum housing was lxlO-6Torr at the time of membrane formation. First, 
it heats for 30 minutes at 900 degrees C, and membranes are formed by subsequently to the temperature 
of 700 degrees C holding a substrate 8. Opening only the shutter 13 for [ Ga ] 10 seconds first, opening 
the shutter of the crucible of Ga and In subsequently, supplying ammonia gas fi^om the cracking gas cell 
6, and carrying out the temperature up of the temperature of the evaporation crucible 3 at the rate of 0.6 
degrees C/min fi'om 880 degrees C to 910 degrees C, membrane formation is l.OA / membrane 
formation speed of sec, and produces the GaInN mixed-crystal thin fihn which has GaO.95InO.05N 
composition inclination structure fi"om GaN of 3000A of thickness. Next, the 2000A n type 
GaO.95InO.05N semiconductor layer was grown up on this GaInN mixed-crystal thin film, the p type 
GaO.95InO.05N semiconductor layer which opened the shutter of the evaporation crucibles 2, 3, and 51 
on it further, and doped Mg was grown up, and the GaInN mixed-crystal laminating thin fihn was 
produced. 

[0037] Subsequently, production of an element pattern and formation of an electrode are performed by 
applying a micro-processing process. The process using the usual photoresist material could perform the 
lithography process, and it produced the element pattem by the ion milling method as an etching 
method. Subsequently, inter-electrode distance formed in tfie n-GaInN semiconductor layer Au electrode 
(it is a wrap in 25% of a front face) of the letter of a network whose electrode width of face is 50 
micrometers in 20 micrometers about aluminum electrode at a p-GaInN semiconductor layer by the 
vacuxun deposition method, respectively. The cross-section structure of this element is shown in drawing 
11 , and the planar structure is shown in drawing 15 . 

[0038] Af^er the dicing saw's having cut the element obtained by this method and wiring using a gold 
streak by the wire bonder, packaging was carried out by the epoxy resin. When the voltage of lOV was 
impressed to the electrode of this element and 15mA current was poured in, luminescence of 70mcd(s) 
with blue luminescence intensity was observed. 
[0039] 

[Example 5] In the example 4, the outside where the letter electrode of a network is not formed on the p- 
GalnN semiconductor laminating thin fihn produced the GaInN semiconductor laminated structure by 
the same method as an example 4. On this p-GaInN semiconductor laminating thin film, electrode width 
of face produced Au electrode (it is a wrap in 23% of a fi-ont face) of the shape of Cush whose inter- 
electrode distance is 50 micrometers by the vacuum deposition method by 50 micrometers. The planar 
structxire of this element is shown in drawing 16 . 

[0040] After the dicing saw's having cut the element obtained by this method and wiring using a gold 
streak by the wire bonder, packaging was carried out by the epoxy resin. When the voltage of lOV was 
impressed to the electrode of this element and 13mA current was poured in, luminescence of 60mcd(s) 
with blue luminescence intensity was observed. 
[0041] 

[Example 6] In the example 4, the outside where the letter electrode of a network is not formed on the p- 
GalnN semiconductor laminating thin film produced the GaInN semiconductor laminated structure by 
the same method as an example 4. On this p-GaInN semiconductor laminating thin fihn, electrode width 
of face produced Au electrode (it is a wrap in 20% of a firont face) of the shape of MIANDA whose 
inter-electrode distance is 50 micrometers by the vacuum deposition method by 50 micrometers. The 
planar structure of this element is shown in drawing 17 . 

[0042] After the dicing saw's having cut the element obtained by this method and wiring using a gold 
streak by the wire bonder, packaging was carried out by the epoxy resin. When the voltage of lOV was 
impressed to the electrode of this element and 12mA current was poured in, luminescence of 55mcd(s) 
with blue luminescence intensity was observed. 
[0043] 
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[Effect of the Invention] There is the feature that the Ught emitting device excellent in luminous 
efficiency can be obtained, by forming the luminous layer which consists of a gallium-nitride system 
compound in the light emitting device of this invention, using p type or a i-type-semiconductor layer as 
a surface layer, preparing the electrode in which the pattem for impressing voltage uniformly on it was 
formed, and taking out hght from an electrode side. 



[Translation done.] 
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(57)Abstract: 

PURPOSE: To obtain a gallium nitride semiconductor 
device having high light extracting efficiency by forming a 
light emitting layer of a gallium nitride compound and 
extracting light from an electrode on which a pattern for 
uniformly applying a voltage is fonmed. 
CONSTITUTION: After an n-GaN semiconductor layer is 
formed by opening a Ga shutter 13 while a substrate 8 is 
heated to and maintained at 700°C and an ammonia gas 
is supplied from a cracking gas cell 6, a Zn-doped p-GaN 
semiconductor layer is grown on the n-GaN 
semiconductor layer by opening shutters 1 3 and 1 6b. 
Then an element pattern and electrodes are fomied 
through a precise machining process and an Al electrode 
and netlike Au electrode (covering 25% of the surface) 

are respectively formed on the surface of the n-GaN and p-GaN semiconductor layers by 
vacuum deposition. Therefore, a semiconductor light emitting device having, an excellent 
performance can be obtained when a package is formed after elements are cut off with a 
dicing saw and wiring is made with gold wires. 
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